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This progress report constitutes both a supplement to the final 
progress report submitted by Dr. John W. Kern and a continuing pro- 
gress report of  present work with Dr. Alvin F. Hildebrandt, Principal 
Investigator. Since the issuance of the final report under Dr. Kern, 
M.S. thesis and Ph.D. thesis have been completed under the pro- 

gram. An up-dated summary of all publications o f  work performed 
under the grant is attached. Ten copies of reprints of each paper 
not submitted previously will be transmitted with this report. 

The bulk of'the work now in progress is that concerned with the 
study of Atomic Processes and Solid' State Physics and the Plasma 
Studies. This work is outlined 'in the accepted proposal covering 
the present period. The work is well under way as the remainder of 
the report will show and results of  the new work are already being 
written up for publication. The funds are being spent as outlined 
in the proposal and no major adjustments are anticipated. 

Questions regarding the work described in this grant may be 
directed to Dr. Alvin F. Hildebrandt, Associate Professor, Depart- 
ment of Physics, University of Houston, Houston, Texas 77004, 
(713) 748-6600, extension 697 or 652, The investigators named in 
the body of the report may be contacted individually regarding their 
work at the same address. 



1. Low T e m p e r a t u r e  P h y s i c s ,  Dr. A l v i n  F L ' H i l d e b r a n d t ,  A s s o c i a t e  
P r o f e s s o r  o f  P h y s i c s .  

a)  C r i t i c a l  V e l o c i t i e s  i n  S u p e r f l u i d  Hel ium Flow. H .  E. Corke 
and A .  F. H i l d e b r ' a n d t .  

Much c r i t i c a l  v e l o c i t y  d a t a  r e p o r t e d  h a s  b e e n  o n l y  a s i d e  l i g h t  
f rom o t h e r  i n v e s t i g a t i o n s ,  and t h e r e  i s  wide  d i f f e r e n c e s  a s  t o  t h e  
v a l u e s  and t o  t h e  c o n d i t i o n s  u n d e r  which  t h e  f l u i d  g o e s  c r i t i c a l .  
T h i s  i s  e s p e c i a l l y  t r u e  i n  wide  c h a n n e l s  C 10-3cm)'. A ood s t u d y  
o f  c r i t i c a l  v e l o c i t i e s  h a s  b e e n  p e r f o r m e d  by Van Alphen' where  h e  
r e p o r t s  a c r i t i c a l  v e l o c i t y  dependence  upon c h a n n e l  w i d t h  o f  d - l I 4  
and no t e m p e r a t u r e  d e p e n d e n c e  below a b o u t  2.14OK. H i s  e x p l a n a t i o n  
f o r  p r e v i o u s  d i s c r e p a n c i e s  i s  t h a t ;  i n  o t h e r  e x p e r i m e n t s  t h e r e  was n o t  
p u r e  i s o t h e r m a l  f l o w  and  t h e  normal  f l u i d  becoming t u r b u l e n t  was 
m i s t a k e n  f o r  s u p e r f l u i d  c r i t i c a l  v e l o c i t y .  T h i s  c o u l d  b e  t r u e  i n  some 
c a s e s ;  however ,  o t h e r  c r i t i c a l  v e l o c i t y  measu remen t s  r e p o r t e d  f o r  i s o -  
t h e r m a l  f l o w  e x p e r i m e n t s  d i f f e r  somewhat f rom h i s  r e s u l t s ,  and i n c l u d e  
t e m p e r a t u r e  d e p e n d e n c e .  Our p r  v i o u s  d a t a ,  f rom p r e s s u r e  measu remen t s  
i n  p u r e  s u p e r f l u i d  h e l i u m  f l o w , '  s u g g e s t s  some t e m p e r a t u r e  d e p e n d e n c e  
f o r  c r i t i c a l  v e l o c i t i e s  and  i n d i c a t e  a lower  c r i t i c a l  v e l o c i t y  t h a n  
Van Alphen for c o m p a r a b l e  c h a n n e l  w i d t h s .  A c o m p r e h e n s i v e  e x p e r i -  
m e n t a l  s t u d y  i s  u n d e r  way t o  d e t e r m i n e  c r i t i c a l  v e l o c i t i e s  i n  wide  
c h a n n e l s  as a f u n c t i o n  o f  t e m p e r a t u r e ,  c h a n n e l  g e o m e t r y ,  c h a n n e l  
e n d e f f e c t s ,  f l o w  c o n d i t i o n s  ( a c c l e r a t i o n s  e t c . ) ,  t i m e  d e p e n d e n c e ,  
and  normal  f l u i d  v e l o c i t y  f rom z e r o  t o  above  t u r b u l a n c e .  

The a p p a r a t u s  w i l l  u t i l i z e  a t h i n  (-10-4cm) aluminum f o : i  p r e s -  
s u r e  d e t e c t o r .  The aluminum f o i l .  i s  s t r e t c h e d  o v e r  a n  aluminum b a s e  
w i t h  a b o u t  c l e a r a n c e  t o  form a c a p a c i t o r .  T h i s  c a p a c i t o r  i s  
p a r t  an L - C  t a n k  c i r c u i t  i n  a back  d i o d e  o s c i l l a t o r .  F l u i d  f l o w i n g  
o v e r  t h e  o u t s i d e  o f  t h e  f o i l  r e d u c e s t h e  o u t s i d e  p r e s s u r e  ( P = 1 / 2  ps  V s  ] 
l i f t i n g  t h e  f o i l  away f rom t h e  aluminum b a s e  and  d e c r e a s i n g  t h e  c a p a -  
c i t a n c e ,  which c h a n g e s  t h e  o s c i l l a t o r  f r e q u e n c  . Calcu  a t i o n s  i n d i c a t e  
t h a t  a p r e s s u r e  s e n s i t i v i t y  o f  b e t t e r  t h a n  10-gdynes/cm'  c a n  b e  o b t a i n e d ,  
o r  l e s s  t ha f i  .OS cm/sec f l o w  v e l o c i t y  can be  ' d e t e c t e d .  An i n i t i a l  f o i l  
v e l o c i t y  d e t e c t o r  h a s  b e e n  t e s t e d  [ u s i n g  a p r e v i o u s  o s c i l l a t o r 2  which 
i s  n o t  as  s t a b l e  as  t h e  back  d i o d e  osc ' . )  and v e l o c i t i e s  be low P cm/sec 
were  d e t e c t e d .  The b a c k  d i o d e  o s c i l l a t o r  h a s  now b e e n  b u i l t  and 
i n i t i a l  t e s t i n g  i n d i c a t e s  i t  w i l l  b e  s t a b l e ,  when a t  l i q u i d  h e l i u m  
t e m p e r a t u r e s ,  t o  w i t h i n  a f e w  c y c l e s / s e c  f o r  f i v e  o r  t e n  m i n u t e s .  
With t h i s  o s c i l l a t o r  and  a r e f i n e d  f o i l  p r e s s u r e  d e t e c t o r  now u n d e r  
c o n s t -  c t i o n  i t  i s  a n t i c i p a t e d  t h a t  v e l o c i t i e s  be low .1 cmdsec w i l l  
be  i t a b l e ,  which  meets o u r  s e n s i t i v i t y  r e q u i r e m e n t s  ti: ::leasure 

: i L a 1  v e l o c i t i e s .  R e e f a n g u l a r  and  r o u n d  c r i t i c a l  v e l o c i t y  c h a n -  
i-leis a r e  b e i n g  b u i l t  for a n ' i n i t i a i  c h e c k  on c r i t i c a l  v e l o c i t y  v e r s u s  
c h a n n e l  geomet ry  f o r  a c h a n n e l  c h a r a c t e r i s t i c  d e p t h  o f  .OS cm. 
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b )  E n t r a i n m e n t  o f  Second Sound i n  S t e a d y  S t a t e  C o u n t e r  F lowing  
Normal and  S u p e r f l u i d  He l ium 1 1 .  E a r l  M' . ' Johnson and  
A .  F .  H i l d e b r a n d t .  

M o d i f i c a t i o n  of  t h e  e x p e r i m e n t a l  a p p a r a t u s  was c o m p l e t e d  s u c h  

Additianal d a t a  was o b t a i n e d  and t h i s  d a t a  was i n c l u d e d  i n  a 
m a n u s c r i p t  t h a t  h a s  b e e n  s e n t  t o  t h e  P h y s i c a l  Review f o r  p u b l i c a -  
t i o n .  The a b s t r a c t  f o l l o w s :  

t h a t  d a t a  c o u l d  b e  o b t a i n e d  a t  1,ower t e m p e r a t u r e s .  

me 
+n 
Th 

The v e l o c i t y  dependence  o f  s e c o n d  sound  i n  l i q u i d  h e l i u m  was 
a s u r e d  as a f u n c t i o n  o f  t h e  r e l a t i v e  v e l o c i t y  (gn - v s ) ,  where  
i s  t h e  normal  f l u i d  v e l o c i t y  and  3, i s  t h e  s u p e r f l u i d  v e l o c i t y .  

e e x p e r i m e n t a l  t e c h n i q u e  c o n s i s t e d  o f  m e a s u r i n g  t h e  t ime o f  f l i g h t  
o f  a s e c o n d  sound  p u l s e  i n  s t e a d y  s t a t e  c o u n t e r  f l o w i n g  n o r m a l  and  
s u p e r f l u i d  f o r  s u b c r i t i c a l  v e l o c i t i e s .  The r e s u l t s  a r e  i n  a g r e e m e n t  
w i t h  t h e  t h e o r e t i c a l  p r e d i c t i o n s  o f  K h a l a t n i k o v .  

-t 

R e s e a r c h  e f f o r t  h a s  been  d i r e c t e d  i n  t h e  p a s t  few mclnths i n  
s tu ' dy ing  i n d u c t i o n  phenomena i n  r o t a t i o n a l  f rames.  V o l t a g e s  o b s e r v e d  
i n  a u n i p o l a r  a r e  found  t o  b e  e x p l a i n a b l e  i n  terms o f  a n o n - l o c a l  
v e c t o r  p o t e n t i a l  d e s c r i p t i o n .  T h i s  i n v o l v e s  a r e c o n s i d e r a t i o n  o f  
t h e  L a g r a n g i a n  o f  a c h a r g e d  p a r t . i c 1 e  i n  a m a g n e t i c  f i e l d .  Two manu- 
s c r i p t s  a r e  i n  p r e p a r a t i o n  f o r  p u b l i c a t i o n .  

R e f e r e n c e s  

1. W .  M .  Van A l p h e n , , G .  J .  Van H a r s t e r e n ,  R .  De Bruyn O u b o t e r  and 
K .  W .  T a c o n i s ,  P h y s i c s  L e t t e r s  2 0 ,  4 7 4  ( 1 9 6 6 ) .  

2 .  H .  E .  Corke  and  A .  F .  H i l d e b r a n d t ,  P h y s i c s  of F l u i d s ,  VoP. 1 1  
No. 3, 4 6 5 ,  Mar. ( 1 9 6 8 ) .  



2 .  Solid State Physics. Dr. D. C. Rich, Professor of Physics 

predicts that the strong interaction between the con- 
duction electrons and phonons in a semimetal manifests itself as 
changes in the velocity of sound as well as in the attenuation coef- 
ficient of the wav0. In particular, if the electrons are given a 
drift velocity in the direction of sonic propagation greater than 
the velocity of sound, then acoustic amplification should occur. 
Simultaneously,large changes in the velocity of sound should also 
be observable. 

The following report discusses the theoretical bases for these 
effects, and presents the results of an attempt to measure the pre- 
dicted velocity shift experimentally. Although positive results 
were not achieved, the experimental results are interpreted within 
the existing theory. Further, a detailed description of the experi- 
mental apparatus and technique is presented. 

During the current contract perioa, work on the properties of 
metals has continued using magnetoacoustic techniques. The electronic 
contribution to the acoustic properties of a medium can be calculated 
by writing the equation of motion for the medium and solving for the 
dispersion relation. The basic equation of motion is 

(1 1 

where 5, is the elastic displacement and T 4 j  is the stress tensor. 
In the absence of phonon-electron interaction, 

where 

is the strain tensor. In the simple case of an isotropic medium the 
dispersion relation is 

o = ks (4 1 
where 

i s  ;. ,e velocity of the wave; 



5 

E l e c t r o n - p h o n o n  i n t e r a c t i o n s  a r e  i n s e r t e d  i n t o  t h e  e q u a t i o n s  
by  a p p r o p r i a t e l y  a l t e r i n g  t h e  s t r e s s - s t r a i n  r e l a t i o n s ,  e.q. ( 2 ) .  
Where t h e  e l e c t r o n - p h o n o n  c o u p l i n g  i s  v i a  a d e f o r m a t i o n  p o t e n t i a l ,  
e q ,  (2)  h a s  t h e  form1 

i where  C . k  i s  t h e  d e f o r m a t i o n  p o t e n t i a l  t e n s o r  f o r  c a r r i e r s  o f  t y p e  i 
and  c a r 4 i e r  d e n s i t y  n i '  

The e q u a t i o n  o f  m o t i o n  i s  t h e n ,  f o r  a o n e - d i m e n s i o n a l  medium, 

- =  d 2 5  2 d 2 5  a n i  
?"i E d t 2  dx 2 1  

s - -  

T h i s  can  b e  s o l v e d  b y  n o t i n g  t h a t  5 a exp  [ i ( q x - w t ) ] ,  where  w, q 
a r e  t h e  f r e q u e n c y  and  wave number o f  t h e  sound  wave and by  s e t t i n g  

0 1 n i  = n i  + n i  

0 where  n i s  t h e  d e n s i t y  o f  c a r r i e r s  i n  t h e  a b s e n c e  o f  t h e  sound  wave 
and  n i  f s  a p e r t u r b a t i o n ,  a l s o  assumed p r o p o r t i o n a l  t o  exp  [ i ( q x - w t ) ] .  
The c a r r i e r  d e n s i t i e s  a r e  w r i t t e n  i n  terms of  t h e , r e s p e c t i v e  c u r r e n t  
d e n s i t i e s  by  means o f  t h e  e q u a t i o n s  o f  c o n t i n u i t y  and t h e  c u r r e n t  
d e n s i t i e s  c a n  b e  r e l a t e d  t o  e x t e r n a l l y  a p p l i e d  e l e c t r i c  and m a g n e t i c  
f i e l d s  by means o f  c o n s t i t u t i v e  L e l a t i o n s  d e r i v e d  f rom m a n i p u l a t i o n  
of t h e  Boltzman t r a n s p o r t  e q u a t i o n .  When t h i s  c o m p l i c a t e d  p r o c e s s  
i s  c a r r i e d  t h r o u g h 2 ,  t h e  d e s i r e d  d i s p e r s i o n  r e l a t i o n  i s  o b t a i n e d  
f o r  l o n g i t u d i n a l  waves: 

2 2 2  iqLcCe+C 
0 = q . s  [ l *  2 2  511 2pe w s  

( 9 )  

9 

where a l i s  an  e f f e c t i v e  c o n d u c t i v i t y  i n  t h e  d i r e c t i o n  o f  p r o p a g a t i o n  
and i n c l u d e s  e f f e c t s  o f  e x t e r n a l  f i e l d s .  
t h e  r e a l  p a r t  o f  o/q; t h i s  g i v e s 3  f o r  t h e  n o r m a l i z e d  c h a r g e  i n  s ,  

The v e l o c i t y  o f  sound  i s  
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I 
Substitution of all into eq. (lo) yields 

where p = density of material 

s = velocity of sound in absence of strong interaction 

No = carrier density 
0 

m'= effective mass of electron 

v = Fermi velocity F 
T = relaxation time of electron in material 

L = mean free path of electron in material 

wc = eB/mc = cyclotron frequency of electron in field B 

q = sound wave number = Z ~ / A  

VD/SO p = l -  

C = deformation potential of electron, hole. 'n9 p 
Inserting values o'f the parameters appropriate for bismuth gives 

s / s o  - 10-1 at vD = s 
0' As an example, figure 1 is a plot of the relative velocity change as 

a function of vD)s for x = 0.1 and w c ~  = 100. 

experiment to measure the velocity of sound of ultrasonic pulses in 
bismusn single crystals using the pulse interferometry technique of 
McSkii i i ln3, '  when v, 3 s 
eieccrons.) 

s o  .the effect should be easily observable. 

Daring the current reporting period, work has continued on an 

(V, is the drift velocity of conduction 
0 '  

The necessary high drift velocity of the electrons in the sample 



c a n  b e  e s t a b l i s h e d  by i m p o s i n g  m u t u a l l y  p e r p e n d i c u l a r  D.C. e l e c t r i c  
and m a g n e t i c  f i e l d s  i n  t h e  s a m p l e .  To e s t a b l i s h  t h e  n e c e s s a r y  e l e c -  
t r i c  f i e l d  i t  i s  n e c e s s a r y  t o  p a s s  l a r g e  c u r r e n t s  t h r o u g h  t h e  
w h i l e  l i m i t i n g  power d i s s i p a t i o n  . i n  t h e  c r y s t a l  t o  l e v e l s  w h i c  
be t e f e ~ n t e d  i n  an experiment perfsrme 
p u l s i n g  Ehses f a P g s  e u P s e n $ e .  The OUT 
was d e s i g n e d  and’  c o n s t r u c t e d  $ o r  t h i s  
ampere p u l s e s  o f  d u r a t i o n  up  t o  400  p s e c  a t  r e p e t i t i o n  r a t e s  up t o  
40 p u l s e s / s e c .  T h i s  c u r r e n t  c a p a b i l i t y  i s  a l s o  a d e q u a t e  f o r  u l t r a -  
s o n i c  a m p l i f i c a t i o n  e x p e r i m e n t s ,  which  r e q u i r e  v >>s  . C h a r a c t e r i s -  
t i c  p e r f o r m a n c e  c u r v e s  f o r  t h i s  a p p a r a t u s  a r e  sh8wn Pn F i g .  3 .  

A v e r y  s t a b l e  o s c i l l a t o r  ( G e n e r a l  Radio  1330-A) whose f r e q u e n c y  i s  
moni ’ tored  c o n t i n u o u s l y  by  a f r e q u e n c y  c o u n t e r ,  i s s u e d  as a t r i g g e r  
f o r  t h e  Simpson 2620 p u l s e  g e n e r a t o r ,  t h e  o u t p u t  of which  i s  u s e d  t o  
g a t e  t h e  RF g e n e r a t o r  o f  t h e  p r e v i o u s  s e c t i o n .  The t r i g g e r  o u t p u t  
f rom t h e  Simpson p u l s e  g e n e r a t o r  i s  f e d  i n t o  a s c a l a r .  The r e g i s t e r  
o u t p u t  f rom t h e  s c a l a r  i s  c o n v e r t e d  i n t o  a t r i g g e r  s i g n a l  f o r ‘ t h e  
c u r r e n t  p u l s e  g e n e r a t . o r  d e s c r i b e d  p r e v i o u s l y .  I n  o p e r a t i o n  t h e  s c a l a r  
i s  s e t  t o  p u t  o u t  a p u l s e  f o r  e v e r y  4096 i n p u t  p u l s e s .  T h i s  scheme 
s y n c h r o n i z e s  t h e  c u r r e n t  p u l s e  w i t h  t h e  RF p u l s e s  a p p l i e d  t o  t h e  
s a m p l e ,  and  t h e r e b y  a l l o w s  t h e  s t a b l e  d i s p l a y  on a n  o s c i l l o s c o p e  o f  
t h o s e  RF p u l s e s  which,  a re  r e c e i v e d  a t  t h e  t r a n s d u c e r  d u r i n g  t h e  c u r -  
r e n t  p u l s e ,  w h i l e  r e j e c t i n g  d i s p l a y  o f  t h o s e  RF p u l s e s  which  do n o t  
o c c u r  d u r i n g  t h e  c u r r e n t  p u l s e .  

A b l o c k  d i a g r a m  o f  t h e  a s s e m b l e d  equ ipmen t  i s  shown i n  F i g .  4 .  

The d i s p l a y  on t h e  545  s c o p e  i s  u s e d  t o  m o n i t o r  t h e  a m p l i t u d e  
o f ’ t h e  c u r r e n t  p u l s e  by means o f  a 1 / 2  ohm r e s i s t o r  i n  s e z i e s  w i t h  
t h e  s a m p l e .  

M a c r o s c o p i c  c r y s t a l s  o f  b i s m u t h 6  were grown u s i n g  a Bridgman 
t e c h n i q u e  f rom 9 9 . 9 9 9 9 %  p u r e  b i s m u t h  s u p p l i e d  b y  Cominco, I n c .  
S i n g l e  c r y s t a l s  wer r o d u c e d  a b o u t  7 5 %  o f  t h e  t i m e  b y  u s i n g  t h e  
s o f t  mold t e c h n i q u e ‘  : i th  t h e  f u r n a c e  h e a t e r  a t  a b o u t  400°C and 
l i q u i d  n i t r o g e n  f l o w i n g  t h r o u g h  t h e  c o o l i n g  c o i l s .  The aluminum 
o x i d e  powder a r o u n d  t h e  s a m p l e  a l l o w s  f o r  t h e  e x p a n s i o n  o f  b i s m u t h  
upon f r e e z i n g ,  and  h a s  t h e  a d d i t i o n a l  a d v a n t a g e  o f  p r e s e r v i n g  t h e  
s h a p e  o f  t h e  s a m p l e  d u r i n g  t h e  g rowing  p r o c e s s ;  i . e . ,  a s i n g l e  c r y -  
s t a l  of any  r e a s o n a b l y ’  s i m p l e  s h a p e  c a n  b e  p r o d u c e d  b y  m a c h i n i n g  t h e  
ma te r i a l  b e f o r e  p l a c i n g  i t  i n  t h e  f u r n a c e .  

Bismuth  c r y s t a l s  grown f rom t h e  m e l t  show a s t r o n g  p r e  
, f o r  <<rowing w i t h  t h e  t r i g o n a l  a x i s  p e r p e n d i c u l a r ’ t o  t h e  g r o  
A t< , :hA o f  a b o u t ’  f i f t e e n  s i n g l e  c r y s t a l s  were grown,  o f  whi 
t h r e e  &ere  o r i e n t e d  w i t h  t h e  g r o w t h  a x i s  n e a r ’ t h e  t r i g o n a l  d i r e c t i o n ,  

A n  a t t e m p t  was made t o  mach ine  t h e  f i r s t  e l e v e n  s i n g l e  c r y s t a l s  
grown on a s p a r k  p l a n n e . r , b u t  t e n  o f  t h e s e  showed m a c r o s c o p i c  r e c r y -  
s t a l l i z a t i o n  when e t c h e d  a f t e r  p l a n n i n g .  The r e a s o n  f o r  t h i s  i s  n o t  
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u n d e r s t o o d ,  as i t  p r o v e d  t o  b e  i m p o s s i b l e  t o  r e p r o d u c e  t h e  e f f e c t  
o u t s i d e  o f  t h e  s p a r k  mach ine  e i t h e r  b y  s u b j e c t i n g  a s i n g l e  c r y s t a l  
t o  s t r a i n  o r  s h o c k ,  o r  aby p u l s i n g  l a r g e  c u r r e n t s  t h r o u g h  a c r y s t a l .  

To a v o i d  t h e  p r o b l e m  o f  r e c r y s t a l l i z a t i o n ,  a g r i n d i n g  a p p a r a t u s  
was c o n s t r u c t e d  employ ing  a g o n i o m e t e r  c r y s t a l  mount.  The  g o n i o m e t e r  
can  b e  u s e d  w i t h  a n  X-ray camera t o  a l l o w  a l i g n m e n t  o f  t h e ' s a m p l e  
by Laue b a c k - s c a t t e r i n g  m e t h o d s .  Two c r y s t a l s ,  h e r e  l a b e l e d  A and  
B ,  were  p r e p a r e d  i n  t h e  s h a p e  of f l a t  r e c t a n g l e s .  The d i m e n s i o n s  
o f  t h e  two c r y s t a l s  are' .467  cm X , 8 5 2  c m  X ' , 9 1 7  cm and  ,402 em 
X .861 c m  X . 962  cm r e s p e c t i v e l y .  

Crystal A has x1 garallel to t h e  trerS, 5, L X I S p  x2  par a 
t o  t h e  b i n a r y  a x i s ,  and  x3  p a r a l l e l  t o  t h e  b i s e c t r i x .  
was c u t  w i t h  t h e  f a c e s  o f  t h e  sample. n e a r l y  p a r a l l e l  t o  t h e  f aces  
o f  t h e  p s e u d o - c u b i c  u n i t  c e l l  o f  b i s m u t h .  Use o f  t h i s  o r i e n t a t i o n  
c o m p l i c a t e s  t h e  s p e c t r u m  of  t h e  e x p e c t e d  v e l o c i t y  change  b y  i n t r o -  
d u c i n g  phonon i n t e r a c t i o n s  w i t h  e l e c t r o n s  o f  v a r i o u s  e f f e c t i v e  
m a s s e s ,  s o  t h e  As/so c u r v e  would have  s e v e r a l  p e a k s  i n s t e a d  o f  
t h e  s i n g l e  peak  o f  F i g .  1. T h i s  e f f e c t  d o e s  n o t  o c c u r  f o r  sound  
p r o p a g a t i o n  i n  t h e  t r i g o n a l  d i r e c t i o n .  

C r y s t a l  B 

The t r a n s d u c e r  t o  ~ ~ y i t a 1  bend consisitei~td o f  a sheet; o f  lens 
p a p e r  s o a k e d  i n  s t o p c o c k  g r e a s e  sandwiched  b e t w e e n  t h e  t r a n s d u c e r  
and  c r y s t a l .  The l e n s  p a p e r  was u s e d  t o  p r o v i d e  e l e c t r i c a l  i n s u l a t i o n  
be tween  t h e  g o l d  p l a t i n g  on t h e  t r a n s d u c e r  and  t h e  c r y s t a l ;  t h i s  
e l e c t r i c a l  i s o l a t i o n  was n e c e s s a r y  t o  p r e v e n t  t h e  g o l d  f i l m  f rom 
s h o r t i n g  t h e  c u r r e n t  p u l s e  a p p l i e d  t o  t h e  c r y s t a l ,  s i n c e  t h e  conduc-  
t i v i t y  o f  g o l d  i s  a b o u t  f i f t y  t imes  t h a t  o f  b i s m u t h .  E l e c t r i c a l l y  
i s o l a t i n g  t h e  c r y s t a l  f rom t h e  t r a n s d u c e r  a l s o  removed t h e  n e c e s -  
s i t y  o f  k e e p i n g  t h e  c r y s t a l  g r o u n d e d ,  which was an a i d  i n  m o n i t o r i n g  
t h e  a m p l i t u d e ' o f  t h e  c u r r e n t  p u l s e .  

The d i r e c t i o n  o f  p r o p a g a t i o n  o f  t h e  sound  p u l s e  was a l o n g  t h e  
s h o r t e s t  c r y s t a l  d i m e n s i o n '  ( a l o n g  t h e  t r i g o n a l  a x i s  i n  t h e  case o f  
c r y s t a l  A ) .  

The c u r r e n t  p u l s e  was i n t r o d u c e d  i n t o  t h e  sample  b y  means o f  
b r a s s  e l e c t r o d e s  s o l d e r e d  t o  t h e  c r y s t a l  w i t h  Wood's me ta l .  The 
e l e c t r o d e s  were  a t t a c h e d  t o  t h o s e  f a c e s  o f  t h e  c r y s t a l  h a v i n g  t h e  
s m a l l e s t  a r e a ,  s i n c e  t h i s  a r r a n g e m e n t  a c h i e v e d  t h e  h i g h e s t  c u r r e n t  
d e n s i t y  f o r  a f i x e d  t o t a l  c u r r e n t .  I n  t h e  c a s e  of c r y s t a l  A t h e  

2 
a p p l i e d  c u r r e n t  p u l s e  was i n  t h e  b i s e c t r i x  d i r e c t i o n .  I n  e a c h  
c r y s l d ;  t h e  maximum c u r r e n t  d e n s i t y  a c h i e v e d  was a b o u t  100 amp/cm . 

c x p e r i m e n t a l  r u n s  were made, a t  4.2'K, i n  t h e  f o l l o w i n g  way: 
Long;zudina l  RF sound p u l s e s  were i n t r o d u c e d  i n t o  t h e  c r y s t a l  a t  
i n t e i - v a l s  o f  twice  t h e  r o u n d  t r i p  t r a n s i t  t ime o f  t h e  s o u n d  p u l s e  
L i . e . ,  p = 2 i n  t h e  d i s c u s s i o n  of S e c t i o n  11). The f r e q u e n c y  o f  
r h e  sound p u l s e  was n e a r  13Mc, the r e s o n a n t  f r e q u e n c y  o f  t h e  

r .  
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t r a n s d u c e r s  u s e d .  The s i g n a l  a t  t h e  t r a n s d u c e r  was a m p l i f i e d  a n d  
d i s p l a y e d  on a n . o s c i l l o s c o p e  and t h e  p u l s e  r e p e t i t i o n  r a t e  a d j u s t e d  
f o r  maximum a m p l i t u d e  o f  t h e  summed r e f l e c t i o n s .  The c u r r e n t  p u l s e  
a m p l i t u d e  was s e t  a t  40 amperes  (100 amp/cm2 i n  t h e  c r y s t a l ) .  The 
m a g n e t i c  f i e l d  was t h e n  s l o w l y  swep t  f rom z e r o  t o  50 kg as t h e  RF 
p u l s e  i n t e r f e r e n c e  p a t t e r n  was m o n i t o r e d .  Any c h a n g e ' i n  t h e  v e l o -  
c i t y  o f  sound g r e a t e r  t h a n  one  p a r t  i n  lo4 would m a n i f e s t  i t s e l f  
as  an  o b s e r v a b l e  change  i n  t h e  i n t e r f e r e n c e  p a t t e r n .  

No e f f e c t  c o u l d  b e  s e e n .  S i n c e  t h e  m a g n i t u d e  o f  t h e  e x p e c t e d  
change  i n  v e l o c i t y  when v = s o  i s  a b o u t  a t h o u s a n d  t i m e s  g r e a t e r  
t h a n  t h e  minimum change  wRich c o u l d  b e  d e t e c t e d ,  t h e  n e c e s s a r y  
c o n c l u s i o n  i s  t h a t  a s u f f i c i e n t l y  h i g h  e l e c t r o n  d r i f t  v e l o c i t y  i n  t h e  
d i r e c t i o n  o f  sound  p r o p a g a t i o n  was n o t  a c h i e v e d .  T h i s  i m p l i e s  a 
s h o r t  r e l a x a t i o n  t i m e . i n  t h e  s a m p l e .  An u p p e r  l i m i t  f o r  T can b e  
deduced  f rom t h e  f o l l o w i n g  c o n s i d e r a t i o n :  

The e x p r e s s i o n  r e l a t i n g  t h e  a p p l i e d  c u r r e n t  d e n s i t y ,  

Y' t h e  c u r r e n t  d e n s i t y  i n  t h e  d i r e c t i o n  o f  sound  p r o p a g a t i o n ,  

J x - w c '  - ' J  y 

Now, J y  i s  g i v e n  i n  t e r m s  o f  t h e  d r i f t  v e l o c i t y  i n  t h e  y d i r e c t i o n  by 

- 
J = n e v  

Y Y (13)  

J <neso  Y 

i n e  n e g a t i v e  r e s u l t  i n  t h e  e x p e r i m e n t  i n d i c a t e s  t h a t  v < s o 9  s o  t h a t  
Y 

But 

X 
J = wC'r J 

Y 

s o  

o r  

u s i n g  w = eB/mc t h i s  g i v e s  
C 

0 '  
m n C S  

T <  
Jx 
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5 I n s e r t i n g  t h e  v a l u e s  m = . 0 1  m 
B = 50 k g ,  and  J x  = 100 amp/cm2.’gives 

n = 5 x 1017 cme3 , so = 10  cmlsec, 

- 1 2  
‘I: < 10  s e c  

T h i s  i s  c e r t a i n l y  p l a u s i b l e ,  i n  v i e w  o f  t h e  l a r g e  s t r a i n s  which  may 
b e  i n d u c e d , i n  t h e  c r y s t a l  b e c a u s e  o f  d i f f e r e n t i a l  e x p a n s i o n  o f  b i s -  
muth and t h e  b r a s s  e l e c t r o d e s  d u r i n g  c o o l i n g  t o  l i q u i d  h e l i u m  tem- 
p e r a t u r e s .  

s e c ,  T W ~  i s  a b o u t  10’ a t  B = 50 kg;  u s i n g  t h i s  - 1 2  F o r  T = 10 
i n  Eq. (4 )  a l o n g  w i t h  As/so = 1 0 - 3  and  s o l v i n g  ( 1 l ) ’ f o r  V D ~ S ~ ,  g i v e s  

i n d i c a - c i n g  t h a t  t h e  above  e v a l u a t i o n  o f  an  u p p e r  l i m i t  f o r  T i s  n o t  
i n c o n s i s t e n t  w i t h  t h e  f a c t  t h a t  no change  i n  v e l o c i t y  was s e e n .  

*';‘ate: The s i n g l e  e x p e r i m e n t a l  d i f f i c u l t y  which  c o u l d  b e  r e s -  
j ~ ~ s i t l e  f o r  a n  ainbiguous r e s u l t  was t h a t  t h e  t h i n n e s s  o f  t h e  c r y s t a l  
. . e o  r e s u l t e d  i n  p o o r  d i f f e r e n t i a t i o n  o f  t h e  i n d i v i d u a l  r e f l e c t i o n s  
c I - :  . , iewed on t h e  o s c i l l o s c o p e - - t h e  n u l l  a reas  be tween  r e f l e c t i o n s  
ne’i.t d e f i n i t e  b u t  v e r y  s h o r t .  T h i s  meant  t h a t  i t  was p o s s i b l e  t h a t  
t ~ e  g a t t e r n  which  was s e e n  was due  t o  e l e c t r i c a l  i n t e r f e r e n c e  i n  
ti-,= e l e c t r o n i c s  and  c a b l e s  ( i n s t e a d  o f  a c o u s t i c  i n t e r f e r e n c e  i n  t h e  
s a r n p l e j .  However,  any  s u c h  e l e c t r i c a l  i n t e r f e r e n c e  would h a v e  b e e n  
o. v e r y  s h a r p  f u n c t i o n  o f  f requen’cy ,  and  o v e r  t h e  ( smal l )  r a n g e  o f  
f z e q u e n c l e s  a t  which  i t  was p o s s i b l e  t o  o b t a i n  r e f l e c t i o n s  t h e  p a t -  
t e r n . w a s  f o u n d  t o  b e  i n d e p e n d e n t  o f  f r e q u e n c y .  

The p r e l i m i n a r y  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  were r e p o r t e d  a t  
t h e  Beaumont, Texas  m e e t i n g  o f  t h e  AAPT, March 16,  1968 .  The com- 
p l e t e d  work was s u b m i t t e d ‘ a s  a t h e s i s  i n  p a r t i a l  f u l f i l l m e n t  of t h e  
r e q u i r e m e n t  f o r  t h e  d e g r e e  o f  Master of S c i e n c e  b y  N i c h o l a s  P .  T h i e s s e n  
i n  Augus t ,  1968 .  
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3 .  Atomic Physics.. Dr. R. H. Walker, Associate Professor of Physics. 

NASA support has resulted in three completed M.S. theses and 
one paper submitted to the Physical Review for publication, The title 
of the submitted paper is "Spin Exchange Cross Sections of Alkali 
Atoms." The topics investigated in the these for which M.S. degrees 
were awarded were: "Models for Phonon Dispersion Relations in Simple 
Metals," "The Electromagnetic Fields of Dipoles in Arbitrary Rela- 
tivistic Motion," and "The Influence of Rotation on the Low Tem- 
perature Thermal Properties of Crystals." A brief description of 
the work carried out is given below. 

a. Spin Exchange Cross Sections of Alkali Atoms. 
Calculations were performed for low energies s o  that the Born- 

Oppenheimer Approximation was valid. The potentials determining the 
scattering were obtained by adding a phenomenological core-core 
potential to a scaled hydrogen-hydrogen potential. The resulting 
potentials compared quite well with results obtained from band spectra. 
Potentials were obtained for the diatomic systems corresponding to 
Li,. Na, K ,  Rb, and C s .  Scattering phases were obtained as a function 
of  energy for each system to allow thermal averages of various scat- 
tering cross sections to be calculated. In all four different energy 
dependenr: cross sections were calculated for each system. Below is a 
graphi ' -1  representation of the results of this work. Figure I shows 
the po:zntials used in the calculation; Figures 11-V show the various 
c r o s s  sections evaluated together with their thermal averages. 

- 1  Modeis f o r  Phonon Dispersion Relations in Simple Metals. 
kzomic interactions necessary for the description of lattice 

vibrations were assumed to be de'scribed by point coulombic interactions 
with strength given by the valence of the atom involved. Expressions 
for the phonon spectrum for such a "coulombic lattice" were obtained 
in terms of certain lateice sums which could be rendered rapidly con- 
vergent by appropriate transformation techniques. The influence. of the 
conduction electrons on the vibration spectrum of the "coulombic Pat- 
tice" electron scattering leading to an effective, or renormalized, 
interaction for the lattice charges which was characterized by a wave- 
length dependent dielectric constant. A final correction to this 
basic model was the introduction o f  a short range force to account f o r  
the mutual repulsion of"the cores of the ions. This term was assumed 
to be o f  Yubawa form. The only undetermined parameters of the model 
were those two that specified the Yukawa potential, providing a strength 
and a range. All other constants o f  the'theory could be related to the 
.lattice constant; which was taken from X-ray data, and the valence of 
the atoms which comprised the crystal. The two undetermined parameters 
were chosen to give agreement with inelastic neutron scattering deter- 
mination of the phonon spectrum for one particular wavelength. These 
parameters so chosen were then used for the calculation of the spectrum 
for all wavelengths. The agreement or lack of agreement was then taken 



13 

0 06 

0 0 4  

0 02 

v) 
(3 
a 
6) 
c3 
>- 
Q 

w o  

i 
-0 02 

- \7 0 4  

-0 06 

3.08 
4 3 5 a 9 I I  e3 15 57 

R/o, 

Fig. I. Interaction potentials of aXcaL  atms as a .’ )zp of the 

nuclear separation. a0 is ?;ha Bahr radius. 



14 

3400 - 
0 

N 

t 
;t' 3000 - 
0 
V W v) 

2600 - 
v1 
0 
p: u 

2200 .- 

UNPOLARltCO SCATTERlMG 
(NONIDENTICAL AlOMS 1 

1400 - 

IO00 - 

IO I O 0  

Fig. 2 Unpo.7 or:ized scattering cross sections of norkieatieal all inl i  

a t o x  as u finetion of relative ~ r i n e t i c  energy E (: & ~ j .  The 

dashed curves are themally averaged erosg aeceions vemus the 

tempcratiu.re ri', 

2 

a, 9s the Bohr radius* 



SPIN EXCtIAMGE . 
(NONIDENTICAL ATOMS } 

I .--L-l. J-.L.lJ. 
IO 100 I c-l I (  

4 4 0  

a 0 0  

3E0 

320 

2 00 

240 

1 , ' K  

, 

FIG. 3 Spin emhawe cross sections of nonidcnFlcal sUrali 

atans ar; a function of relative kinetic energy E (: &TI. 

The dashed curven are thcm,l.ly averaGeil C ~ O S Y  

verms the %emperatme T, a. is the Bohr mill 

hana ~ c ~ ~ 3 . e  is f63? Ce - cs o n b i  

' 2  



16 

9500 

e500 

7500 

No 6500 
0 

z 
0 

5500 
UI cn 
v) 
v) 
0 
6 4 5 0 0  

3500 

2500 

I500 

500 
IO 

UNPOLARJZED ,SCATTERING 
( IDENTlCAL A T O M S )  

IC.Cx2 

Fig. Unpolai*ized scattering ci'osno sections of Identical DXkali 

atom as a function of relative kinetic energy E (2 3kl'), 

The dn.slied curvcs are therma.l.3.y averaged cross sections 

versus the temperature T, R is the Bohr radj.. 

* .  
4 .  

2 

0 



17 

2900  

2300 

2100 

1900 

1700 

N 
v 
F; 
9 1900 

0 
c- 
c) 
hJ 
v) 

v) 1300 
v1 
0 
5 

1100 

900 

7 0 0  

500 

300 

10 

SPIN EXCllkNGE 
( I OENTICAL ATOMS I 

I O 0  1000 
?,OK 

Fig .  5 Spin exchange cross cectioris of' i dcn t i a l  a l k d i  atoms 
- 3  

as a f'uwbioii of reh,l%ve ld.-.stie e.ne:*py E ( z  - k!?) a 
2 

dnohed cumcs arc thermally averaged ibu. ,5  see: 

Tie 



18 

,, 

as a measure of the adequacy of this simple model for the description 
of lattice vibrations in simple metals. Calculations were carried out 
on copper, aluminum, and lead. Partial results are shown in Figure 
VI, VII, and V I 1 1  where”the calculations for copper are compared with 
experimental results for certain directions of propagation. Considering 

c. Electromagnetic Fields of Dipoles in Arbitrary Relativistic 

An electromagnetic dipole in motion constitutes a current from 

%Fi oi$ Z f i @  maelel, % A @  2@aeriasLEca aTe ox%PsoPdanazi$y goca4, 

Motion. 

which electromagnetic fields arise. A covariant expression f o r  such a 
current was obtained as the divergence of a suitably defined tensor. 
This current was then taken as the source term f o r  the inhomogeneous 
wave equation vhose solution provides the analogue for the Lenard- 
Weichert potentials. These results are valid for the dipole in arbir 
trary motions. From the 4-potential, the electromagnetic field is 
determined in the usual way. In particular, general expressions for 
E, B y  and the Poynting vector were obtained and some fifteen special 
cases discussed. Each case correctly reduces to the appropriate non- 
relativistic limit. This work is being continued for the purpose of 
examining the contribution of dipole effects to Syncrotron radiation, 
radiation reaction, and self-energy of charged particles. 

d. The Influence o f  Rotation on the Low Temperature Thermal 
Properties of Crystals. 

Elementary considerations lead to the conclusion that low frequency 
vibrational modes o f  a crystal are effectively frozen out by a macro- 
scopic rotation. Since rotation changes the low energy excitation spec- 
trum, one expects the low temperature thermal properties to likewise 
be altered. In particular, for non-rotating crystals, the low tem- 
perature specific heat is Cv = AT3. 
the constant A to be temperature dependent. The nature of this tem- 
perature dependance has been investigated. The calculation of thermal 
properties requires the energy spectrum of the system. This was 

’ obtained from the microscopic equations of motion €or a lattice under 
rotation. In the long wavelength limit, the microscopic interatomic 
force constants could be related to the macroscopic elastic constants 
which then provided a mathematical basis for the description of a 
rotating elastic medium. Under rotation, a cubic crystal is dis- 
torted to one of tetragonal symmetry, and this symmetry is reflected 
in the symmetry properties of the secular equation determining the 
frequencies of the normal modes which give the desired energy spec- 
trum w(k). Thermal properties are determined by certain weighted 
averages o f  this energy spectrum. The inherent symmetry of the rota- 
ting crystal was. exploited by fitting w ( k )  t o  the first four tetra- 
gonal harmonics. This approximation allowed the three dimensional 
averages to be calculated in a reasonable amount of time. It was 
found that the effects of rotation are completely unimportant at 
any except the lowest of tem eratures. For typical crystals, the 
maximum departure from the TI; low occurs at -10-30K for rotations 
at frequencies -lOs/sec. It is doubtful that this effect would be 
observable. 

One expects that under rotation, 
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4 .  A s t r o p h y s i c a l  R e s e a r c h .  N .  S .  Kovar ,  A s s i s t a n t  P r o f e s s o r  o f  
P h y s i c s .  

Dur ing  t h e  r e p o r t i n g  p e r i o d  t h e  f o l l o w i n g  was a c c o m p l i s h e d .  
1. A p a p e r  e n t i t l e d  " O p t i c a l  Pumping and  t h e  D-Line R a t i o  i n  Comet 
1962 111'' appjeared i n  S o l a r  P h y s i c s ,  Vo l .  3 ,  A p r i l  1968 .  Ten 
copi .es  o f  t h i s  p a p e r  h a v e  b e e n  f o r w a r d e d  t o  NASA h e a d q u a r t e r s .  
t h e  p rob lem and  a n a l y s i s  p r e s e n t e d  i n  t h i s  p a p e r  i s  as  f o l l o w s .  

B r i e f l y ,  

S p e c t r a l  o b s e r v a t i o n s  o f  Comet 1962-111 made p r i o r  t o  p e r i h e l i o n  
p a s s a g e  r e v e a l e d  a sodium D - l i n e  r a t i o  o f  2 . 5 .  Due t o  t h e  i n a d e q u a c y  
o f  no rma l  a t o m i c  p r o c e s s e s  i n  e x p l a i n i n g  t h i s  r a t i o ,  an  o p t i c a l  pump- 
i n g  p r o c e s s  i s  c o n s i d e r e d .  I t  i s  f o u n d  t h a t  s u c h  a mechanism c a n  
p r o d u c e  t h e  o b s e r v e d  D - l i n e  r a t i o  i f  t h e  sodium atoms w i t h i n  t h e  
coma were  u n d e r  t h e  i n f l u e n c e  o f  a m a g n e t i c  f i e l d  and  i f  t h e y  were 
e x c i t e d  by  c i r c u l a r l y  p o l a r i z e d  r a d i a t i o n  from t h e  s u n .  

2 .  A m a s t e r ' s  t h e s i s  e n t i t l e d  "Cometary P la smas  and t h e  S o l a r  Wind" 
was c o m p l e t e d  by M r .  M i c h a e l  S h e l b y .  T h i s  work h a s  b e e n  f u l l y  d i s -  
c u s s e d  i n  p r e v i o u s  p r o g r e s s  r e p d ' r t s .  Summar i ly ,  however ,  M r .  S h e l b y  
c o n s i d e r e d  t h e  p rob lem o f  t h e  i n t e r a c t i o n  o f  t h e  s o l a r  wind w i t h  t h e  
p l a s m a  p o r t i o n s  (coma and  i o n  t a i l )  o f  c o m e t s .  Emphasis  was p l a c e d  
upon t h e  magneto  hydrodynamic  a s p e c t s  o f  t h e  s o l a r  wind f l o w  p a s t  a 
comet and an a t t e m p t  was made t o  d e t e r m i n e  t h e  s h a p e  o f  t h e  s u r f a c e  
which  s e p a r a t e s  t h e  s o l a r  wind f l o w  f rom t h e  o u t w a r d  f l o w  o f  t h e  
cometa ry  p l a s m a .  The immedia t e  o b j e c t i v e  o f  t h i s  t h e s i s  was t o  c a l -  
c u l a t e  i o n  d e n s i t i e s  i n  t h e  t a i l  and o u t e r  coma. The a n a l y s i s  u s e d  
was t h a t  o f  s p e c u l a r  r e f l e c t i o n  f rom t h e  comet  boundary  w i t h o u t  e n e r g y  
l o s s .  Numer ica l  methods  were  employed t o  a t t a i n  t h e  o b j e c t i v e .  T h i s  
t h e s i s  i s  p a r t  of  o u r  u l t i m a t e  g o a l  of  t h e  c o n s t r u c t i o n  o f  a model 
f o r  t h e  f o r m a t i o n  o f  p l a s m a  comet t a i l s  and i s  p a r t  o f  o u r  program 
t o  f u r t h e r  o u r  u n d e r s t a n d i n g  o f  t h e  i n t e r a c t i o n  o f  t h e  s o l a r  wind 
and t h e  p l a s m a  components  o f  c o m e t s .  

3 .  Work h a s  begun ,  b u t  as y e t  i s  n o t  c o m p l e t e d ,  on t h e  g e n e r a l  p r o -  
blem o f  sodium e m i s s i o n s  i n  comets . ,  The l i f e t i m e  o f  sodium a toms as 
a f u n c t i o n  o f  comet - sun  d i s t a n c e  w i l l  b e  computed u s i n g  t h e  U / H  
Sigma 7 .  The f o r m u l a t i o n  o f  t h e  p r o b l e m  h a s  b e e n  v i r t u a l l y  c o m p l e t e d .  
Such p r o c e s s e s  as  p h o t o - i o n i z a t i o n ,  p r o t o n  i o n i z a t i o n  and  e x c i t a t i o n  
as w e l l  a s  r e c o m b i n a t i o n s  and  p h o t o  and  c o l l i s i o n a l  d e - e x c i t a t i o n s  
have  b e e n  c o n s i d e r e d .  However, t h e  a c t u a l  compute r  q o m p u t a t i o n s  have  
n o t  a s  y e t  b e e n  c a r r i e d  t h r o u g h .  

4 .  L a s t l y ,  t h i s  g r a f i t  h a s  b e e n  u s e d  t o  c 'omplete  work t h a t  was p r i -  
m a r i l y  s u p p o r t e d  by  N A S A  Gran t  No. 44-005-042.  I n  this r e g a r d ,  an 
i n v i t e d  p a p e r  e n t i t l e d  "Space C o n t a m i n a t i o n  Due t o  Manned V e h i c l e s "  
was p r e s e n t e d  a t  t h e  E l e v e n t h  P l e n a r y  M e e t i n g  o f  COSPAR a t  Tokyo i n  
May, 1968 .  The f u l l ' p a p e r  w i l l  b e  p u b l i s h e d  ' i n  t h e  p r o c e e d i n g s  o f  
t h e  m e e t i n g .  
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T h i s  p a p e r  and  t h o s e  l i s t e d  be low d e a l  w i t h  t h e  p rob lem o f  any  
p o s s i b l e  d e b r i s  a t m o s p h e r e  s u r r o u n d i n g  manned s p a c e c r a f t  and  w i t h  
t h e  g e n e r a l  p rob lem o f  s p a c e  c o n t a m i n a t i o n  due  t o  t h e  p r e s e n c e  q f  
manned v e h i c l e s .  The e f f e c t s  o f  t h i s  d e b r i s  a t m o s p h e r e  on t h e  o b s e r -  
v a t i o n s  o f  dim l i g h t  s o u r c e s  s u c h  as t h e  s o l a r  c o r o n a  have  b e e n  
examined  and  e v a l u a t e d .  A d i s c u s s i o n  o f  t h e  A p o l l o  program and t h e  
e f f e c t s  o f  c o n t a m i n a t i o n  were f u r t h e r  r e p o r t e d  i n  "Atmospheres  S u r -  
r o u n d i n g  Manned S p a c e c r a f t ! ' ,  Sky and  T e l e s c o p e ,  Vol .  3 5 ,  March 1968 .  

Numer ica l  e s t i m a t e s  o f  l i g h t  s c a t t e r i n g  b y  i c e  p a r t i c l e s  o r i g i n a -  
t i n g  f rom t h e  l e a k a g e  o f  c a b i n  water v a p o u r  were c a r r i e d  t h r o u g h '  
u s i n g  Mie s c a t t e r i n g  t e c h n i q u e s  f o r  p a r t i c l e s  f o r  which m ,  t h e  i n d e x  
o f  r e f r a c t i o n ,  w a s ' s e t  e q u a l  t o  1 .3 .  S c a t t e r i n g  f u n c t i o n s  f o r  a 
p a r t i c l e  d i s t r i b u t i o n ,  n ( r )  a r - k ,  where  k = 3 ' w e r e  c a l c u l a t e d .  
The r a n g e  s e l e c t e d  f o r  p a r t i c l e  r a d i i  was 0 . 2  t o  10  m i c r o n s .  The 
r e s u l t s  o f  t h e s e  c o m p u t a t i o n s  a r e  p r e s e n t e d  i n  t h e  p a p e r  e n t i t l e d  
" L i g h t  S c a t t e r i n g  by Manned S p a c e c r a f t  Atmospheres"  which  h a s  b e e n  
a c c e p t e d  f o r  p u b l i c a t i o n  by  P l a n e t a r y  and S p a c e  S c i e n c e .  

F u r t h e r m o r e ,  s t u d i e s  a r e  c u r r e n t l y  underway on s u c h  p r o b l e m s  
as t h e  c o n t a m i n a t i o n  b y  i c e  p a r t i c l e s  and  s i l i c o n e  p o l y m e r s  o f  t h e  
e x p o s e d  o p t i c a l  s u r f a c e s  f o r  t h e  ATM t e i e s c o p e .  A p a p e r  i s  c u r r e n t l y  
i n  p r e p a r a t i o n  which  w i l l  r e p o r t  on t h e s e  s t u d i e s  t o g e t h e r  w i t h  t h e  
a l r e a d y  c o m p l e t e d  l a b o r , a t o r y  e v a l u a t i o n  o f  t h e  Gemini window c o n t a m i -  
n a n t s .  

The s t u d i e s  l i s t e d  u n d e r  t h i s  s e c t i o n  w i l l  b e  r e p o r t e d  on i n  
more d e t a i l  i n  t h e  f i n a l  r e p o r t  f o r  NASA G r a n t  No. 44-005-042.  Ten 
c o p i e s  o f  e a c h  o f  t h e  p a p e r s  l i s t e d  u n d e r  s e c t i o n  4 w i l l  b e  s e n t  t o  
H e a d q u a r t e r s  a c c o r d i n g  t o  NASA r , e g u l a t i o n s .  



5. Space Related Flow Problems. Dr. R. M. Kiehn and Dr. J. W. Kern, 
Associate Professors of Physics. 

a) Appilcations of Differential Forms. J. Pierce and R. M. Kiehn. 

The following list of French literature on differential forms 
and their applications has been completely translated: 

a) E. Cartan, Lecons sur les Invariants Integraux, Paris, -- 
Hermann, 1922. 

b )  J. Klein, "Espaces Variationels et Mechanique ," Annales 
de L'Institut Fourier, Grenoble 12, 1962, pp. 1-124. - 

The following works are in advanced stages of translation:' 

a) J. B. Souriau, Geometrie et Relativite, Paris, Hermann, 
_. 

1964. 

b )  E. Cartan, La Theorie des Systems Differentiels Exteri- 
7 

_L. eurs, ParisFHermann, 1945. 

c) P. Paquet,, "Les Formes Differentielles Exterieures fin 
dan le Calcul des Variations," Acadernie Royale des 
Sciences, des Lettres, et des Beaux Arts de Belgique. 
Classe de Sciences Bulletins 27, 1941, pp. 65-84. 

- - -- -_. 

I_ 

d) , llSur la Geometrie Differentielle Suivant 
la Methode de Grassmann et les Integrales du Calcul 
des Variations," ibid 27, 1941, pp'. 148-168. 



b l  . R .  B o r o c h o f f ,  V .  S a n d e r s  

A s o l u t i o n  t o  t h e  M a x w e l l - E i n s t e i n  e 
g a v e  t h e  metr ic  c o r r e s p o n d i n g  t o  a u n i f o r  

' f i e l d  i n  f r e e  s p a c e .  U s i n g ' t h e  c o n s t i t u t i v e  t e n s o r  
, a d i e l e c t r i c  c o n s t a n t  w a s ' o b t a i n e d  c o r r e s p o n d i n g  t o  t h i s  f i e l d ,  

A l though  t h e  v e l o c i t y  o f  a l i g h t  beam w i l l  b e  r e d u c e d  b y  t h e  "e f fec-  
t i v e " ' d i e 1 e c t r i c  c o n s t a n t ,  t h i s  a n a l y s i s  showed t h a t  no  o p t i c a l  
a c t i v i t y  o r  b i r e f r i n g e n c e  r e s u l t e d  f rom t h e  p r e s e n c e  o f  t h e  m a g n e t i c  
f i e l d .  

By u s i n g  t h e  f o r m a l i s m  o f  E .  J .  P o s t ,  i t  was d e t e r m i n e d  t h a t  a 
n o r m a l l y  i s o t r o p i c  o p t i c a l  medium e x h i b i t s  b e r e f r i n g e n c e  u n d e r  r o t a -  
t i o n .  The b i r e f r i n g e n c e  o f  t h e  medium p r o d u c e s  a s p l i t t i n g  o f  a 
l i g h t  beam i n t o  two o r t h o g o n a l l y  p o l a r i z e d  p a r t s .  When t h e  e f f e c t  
i s  a p p l i e d  t o  a S a g n a c  t y p e  e x p e r i m e n t ,  i t  i s  f o u n d  t h a t  one  p o l a r i -  
z a t i o n  s t a t e  o f  t h e  beam g i v e s  t h e  u s u a l  v a l u e  f o r  t h e  S a g n a c  f r i n g e  
s h i f t ,  a v a l u e  which  i s  i n d e p e n d e n t  o f  t h e  s h a p e  o f  t h e  l i g h t  p a t h ,  
However, t h e  o t h e r  p o l a r i z a t i o n  s t a t e  g i v e s  a f r i n g e  s h i f t  t h a t  i s  
d e p e n d e n t  on t h e  s h a p e  o f  t h e  p a t h ,  and  which  d i f f e r s  i n  v a l u e  f rom 
t h e  u s u a l  r e s u l t .  Though t h i s  r e s u l t  i s  n o v e l ,  i t  i s  o f  t h i r d  o r d e r  
i n  v / c  and c a n n o t  b e  e a s i l y  m e a s u r e d .  

An a t t e m p t  was made t o  d e t e r m i n e  t h e  p r i n c i p a l  s t a t e s  o f  p o l a r i -  
z a t i o n  a s s o c i a t e d  w i t h  t h e  above  r o t a t i n g  f r a m e .  Two me thods  were 
u s e d .  One, an  e i g e n v e c t o r  f o r m u l a t i o n ,  g a v e  t h e  v e c t o r  s t a t e s  d i r e c t l y .  
The s e c o n d  method made u s e  o f  two o f  t h e  Maxwell e q u a t i o n s  p r e v i o u s l y  
u n u s e d  i n  t h e  above  work and  of  t h e  a s s u m p t i o n  t h a t  t h e  e l e c t r i c  f i e l d  
i s  p e r p e n d i c u l a r  t o  t h e  m a g n e t i c  f i e l d .  A l t h o u g h  v e c t o r  s t a t e s  were 
n o t  o b t a i n e d  e x p l i c i t l y ,  some r a t h e r  s t r i n g e n t '  c o n s t r a i n t s  were  o b t a i n e d  
which t h e  v e c t o r s  must  s a t i s f y .  I 

The two me thods  emgloyed  gave  c o n f l i c t i n g  r e s u l t s  and i t  was 
d e c i d e d  t h a t  t h e  p r o b l e m  r e s u l t e d  f rom t h e  a s s u m p t i o n  t h a t  E and  B 
a r e  p e r p e n d i c u l a r .  A f u r t h e r  s t u d y  o f  t h i s  p r o b l e m  i s  p l a n n e d .  

An i n v e s t i g a t i o n  was a l s o  made t o  f i n d  o u t  i f  any  s e r i o u s  quan-  
t i t a t i v e  d i f f e r e n c e  r e s u l t e d  i n  t h e  c a ' l c u l a t i o n  o f  t h e  S a g n a c  f r i n g e  
s h i f t  when a L o r e n t z  t y p e  t r a n s f o r m a t i o n  was a p p l i e d  t o ' t h e  t i m e  
c o o r d i n a t e .  C l a s s i c a l l y  i t  i s  assumed t h a t  t h e  t i m e  i s  i n v a r i a n t .  
If t h e  t ime  i s  m u l t i p l i e d  by a L o r e n t z  t y p e  f a c t o r  1//1 - v L / c t P  i t  
i s  f o u n d  t h a t  a l l  t h e  p r e v i o u s l y  o b t a i n e d  q u a n t i t i e s  ( v e l o c i t y ,  i n d e x  
o f  r e f r a c t i o n ,  e t c . )  a r e  s i m p l y  m u l t i p l i e d  by  t h e  same q u a n t i t y .  
No s e r i o u s  d i f f e r e n c e  t h u s  e x i s t s  i n  t h e  n o n - r e l a t i v i s t i c  a p p r o x i m a t i o n .  

A p p a r a t u s  f o r  t h e  c o n s t r u c t i o n  o f  a r i n g  l aser  s y s t e m  h a s  b e e n  
o r d e r e d  and  p a r t i a l l y  d e l i v e r e d ,  An e x t e n s i v e  l i t e r a t u r e  s e a r c h  on  

a p p l i c a t i o n s  o f  r i n g  l a se r  s y s t e m  h a s  bee'n c o m p l e t e d .  
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An Intrinsic Theory of Fluids. J, Pierce and R. M.  Kiehn 

If a physical system admits description in terms of a metric 
g and covariant vector field of flow, a ,  then Cartan's methods 

' ob'exterior differential forms permit the following theorems to be 
constructed: 

1. d(B*a) = 0, N 2 

2 .  df = dda = 0 

3. For H = * F ,  J = H,d&nf 

dH = J ;  N 4 

zO 

4 .  dJ = 0 

6. 6Y = 0 .  

An initial attempt to apply these intrinsic theorems to fluid 
flow problems indicates that theorems 1, 2, 4 ,  and 6 are tentatively 
related to the familiar theorems of  longitudinal waves, vorticity, 
current conservation, and Eulerian equations of motion, respectively. 
The interpretation of theorems 3*.and 5 are still open, but the units 
involved in theorem 5 indicate that it is a statement concerning the 
transport of angular momentum density, and may be related to problems 
in turbulent transport theory. The functional Y is of extreme interest 
for it is a first integral of the system of equations describing the 
"conservation" or transport of energy density and momentum density. 



d) . J ,  Pierce and R, M ,  Kiehn. 

A paper entitled "An Intrinsic Transport T 
submitted €or publication in 9'he Quarlergy o f  

The six basic theorems in the above paper may be applied to 
other representations. In particular, the methods are being applied 
to problems in hydrodynamics. Two o f  the theorems developed in the 
above mentioned paper have no known counterpart in the classical 
theory of fluids. The interpretation of these theorems in terms of 
dynamical energy storage mechanisms, and the transport of angular momen- 
tum in turbulent flow'is under investigation. A paper entitled "An 
Intrinsic Theory of Continuous MediaII'is in the preparation stage. 

The following works are in preliminary stages of translation: 

F. Gallissot, l'Application des Forms Exterieures du 
2e Ord.re a la Dynamique Newtonienne et Relativiste," 
Annales de L'lnstitut Fourier, Grenoble 3, 1951, 278-285, - 

, "Les Formes Exterieures en MechaniqueI' 
ibid 4, 1952, 145-297. - 
J. Klein, "Les Systemes Dynamiques Abstracts,g' - ibid 
1 3 ,  1962, 191-202. 

A. Lichnerowicz, "Les Relations Integrales d'Invariance 
et Leurs Applications a la Dynamique," Bulletin - des 
Sciences Mathematxques, Series - 111, 70, 1946, 8 2 - 9 5 .  

, Problemes Globaux 7 en Mechanique Relativiste, 
Paris., Hermann, 1939. 
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e) Solar-Wind Termination and the 1,nterstellar Medium. J .  W. Kern 
and C. L. Semar. 

The fsrmulatien s f  a gas dynamia flsw wkgh a distributed mass 
O B U F E ~  was examined, The equation o f  motion B B  the medium was con- 
structed, and the correct energy conservation equation for the flow 
was obtained. It is found that for nearly all situations of physical 
interest [flow of the solar wind in the vicinity of a comet, flow 
of the solar wind into the interstellar medium, general hydromagnetic 
flows in the presence of stationary neutrals, etc.), the kinetic 
energy density of the flow has an additional source term. That is, 
the usual relation between pressure and the flow volume element no 
longer applies. This means that the solutions obtained previously 
by many workers to the problems of this kind are invalid. The results 
have been applied to the problem o f  the flow of the solar wind into 
the interstellar medium. The results indicate a continuous transi- 
tion from supersonic flow to subsonic, with the Mach number M = 1 
at 60 astronomical units for an interstellar neutral hydrogen density 
of 1 cm-3. The model for the flow and the density of neutral hydrogen 
inside 100 astronomical units appears quite realistic in view of 
recent measurements of the local interstellar magnetic field 
CB - 10-6 gauss). A portion of this work was supported under the 
MSC Solar Physics Grant 44-005-041. A paper reporting on the work 
on the solar wind termination problem was given at the 1968 National 
Meeting of the American Geophysical Union, April 8-12, Washington D.C., 
is being incorporated in an M.S. thesis, and prepared for publication 
in the Journal o f  Geophysical Research. 6 



6 .  Plasma S t u d i e s .  Dr. Melv in  E i s n e r ,  P r o f e s s o r  o f  P h y s i c s .  

a )  R a d i a t i o n  Energy  Spec t rum o f  Plasma F o c u s .  

S t u d i e s  o f  t h e  t i m e  deve lopmen t  o f  t h e  r a d i a t i o n  s p e c t r u m  o f  t h e  
p l a sma  f o c u s  h a v e  b e e n  i n i t i a t e d .  The c o n d i t i o n s  f o r  o b t a i n i n g  maxi -  
mum e n e r g y  t r a n s f e r  f rom t h e  e n e r g y  s t ' o r a g e  band t o  t h e  p i n c h e d  d i s -  
c h a r g e  have  b e e n  e s t a b l i s h e d  f o r  t h e  g i v e n  g e o m e t r y ,  R a d i a t i o n  s p e c t r a  
h a v e  b e e n  o b t a i n e d  i n  t h e  s o f t  X - r a y ' r e g i o n  u s i n g  f o i l  a b s o r b e r s ,  
T o t a l  i o n i z a t i o n  y i e l d s  measu red  w i t h  a n  i o n i ' z a t i o n  chamber indic;ot ;e  

ment  as  a p u l s e d  i o n i z e r  i n  n e u t r a l  atom d i a g n o s t i c s .  

b )  T h e r m a l i z a t i o n  i n  Mul t i componen t  Plasmas.  

e u i f i a i e n t :  foniestian t o  mrrka thE4 davieta srr r r t t r r s e t i v a  one f o r  d s v e l o p -  

T h e o r e t i c a l  s t u d i e s  o f  t h e  e n e r g y  exchange  t h r o u g h  coulomb c o l -  
l i s i o n s  i n  n o n - e q u i l i b r i u m  p l a s m a s  h a v i n g  l i g h t  and heavy  i o n  corn- 
p o n e n t s . h a v e  r e v e a l e d  some i n t e r e s t i n g  f e a t u r e s .  Fo r  h o t  i o n s  and  
c o l d  e l e c t r o n s ,  t h e  l i g h t  i o n s  may i n i t i a l l y  o v e r  c o o l  and  t h e n  h e a t  
w i t h  t h e  e l e c t r o n s  w i t h  e n e r g y  d e r i v e d  from t h e  heavy  i o n s .  The 
b r e m s t r a h l u n g  s p e c t r u m  i s  b e i n g  i n v e s t i g a t e d  and  i t s  a p p l i c a t i o n  t o  
t h e  m o d i f i c a t i o n  o f  t h e  r a d i a t i o n  s p e c t r u m  from t h e  p l a s m a  f o c u s  
i s  b e i n g  i n v e s e i g a t e d  w i t h  t h e  aim o f  f i n d i n g  means f o r  r e d i s t r i b u t i n g  
t h e  r a d i a t i o n  s p e c t r u m  i n t o  t h e  s o f t  X - r a y  r e  

c )  Cross  S e c t i o n s  f o r  I o n  P r o d u c t i o n  i n  N e u t r a l  - N e u t r a l  C o l l i s i o n s .  

The c e n t r a l  p rob lem i n  t h e  i n i t i a l  s t a g e s  o f  t h i s  p rogram i s  t h e  
deve lopmen t  o f  an  i n t e n s e  s o u r c e  o f  e n e r g e t i c  n e u t r a l  a t o m s .  A p l a s m a -  
t r o n  i o n  s o u r c e  h a s  b e e n  u s e d  w i t h  a m a g n e t i c  c o n f i n i n g  f i e l d  t o  
f e e d  a c h a r g e - e x c h a n g e  c e l l  whose o u t p u t  o f  n e u t r a l s  i s  t h e n  s t r i p p e d  
i n  n e u t r a l  - n e u t r a l  c o l l i s i o n s .  R e s u l t i n g  i o n s  a r e  m a g n e t i c a l l y  
a n a l y z e d  and d e t e c t e d '  i n d i v i d u a l l y .  The p r i n c i p a l  e f f o r t  s o  f a r  
h a s  been  expended  i n  o b t a i n i n g  r e l i a b l e  o p e r a t i o n  o f  t h e  i o n  s o u r c e  
and  t h e  deve lopmen t  o f  a d e q u a t e  s e n s i t i v i t y  i n  t h e  i o n  d e t e c t o r .  
T h e s e  p rob lems  have  b e e n  s o l v e d  s u c c e s s f u l l y  and e f f o r t  i s  now b e i n g  
d i r e c t e d  t o  d e f i n i n g  t h e  g a s  d e n s i t y  i n  t h e  c h a r g e  exchange  and  s t r i p -  
p i n g  c e l l s .  A t  p r e s e n t , o r d e r  of  m a g n i t u d e  l i m i t s  h a v e  b e e n  e s t a b l i s h e d  
f o r  c r o s s  s e c t i o n s .  
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